A non-motile, Gram-stain-negative bacterium, designated R-HLS-17
T represents a novel species of the genus Flavobacterium, Flavobacterium noncentrifugens sp. nov. The type strain is R-HLS-17 T (5CGMCC 1.10076 T 5NBRC 108844 T ).
Strains of the genus Flavobacterium were first described in 1889 (Bergey et al., 1923) , and the genus was proposed by Bergey et al. (1923) and revised by Bernardet et al. (1996) . At the time of writing, the genus includes 76 species isolated from a variety of habitats, including Antarctic regions (Yi et al., 2005) , diseased animals (Bernardet et al., 1996; Horn et al., 2005) , sediments (Fu et al., 2011) , soil (Yoon et al., 2006) , water (Kim et al., 2009 ) and glacier samples (Zhu et al., 2003) . Six strains of this genus have had their genomes sequenced (www.ncbi.nlm.nih.gov): Flavobacterium johnsoniae UW101 T , F. indicum GPTSA 100-9 T , F. columnare ATCC 49512, F. frigoris ACAM 123, F. psychrophilum JIP02/86 and F. branchiophilum FL-15. Members of this genus are characterized as Gram-negative, aerobic, yellow-pigmented rods containing MK-6 as the major respiratory quinone (Bernardet et al., 1996) .
Strain R-HLS-17
T was isolated from meltwater collected from Hailuogou Glacier in Sichuan province, south-west China. The samples were homogenized and diluted in series with sterile water and spread onto PYG agar (5.0 g Bacto peptone, 0.2 g yeast extract, 5.0 g glucose, 3.0 g beef extract, 0.5 g NaCl, 1.5 g MgSO 4 . 7H 2 O, 15 g agar, 1000 ml sterile water, pH 7.0). After cultivation at 14 u C, single colonies were transferred to PYG agar slants and purified on PYG agar. One of the purified strains, designated R-HLS-17 T , was whitish-yellow. The reference strains used in this study for physiological and biochemical characteristics and the whole-cell fatty acid analysis were F. 
T was incubated on a PYG agar slant at 14 u C for 3-4 days. Genomic DNA for PCR amplification of the 16S rRNA gene was extracted using a Genomic DNA Rapid Isolation Kit for Bacterial Cell (BioDev-Tech, China). The 16S rRNA gene was amplified using the universal primers 27F (59-AGAGTTTGATCCTGGCTCAG-39) and 1492R (59-TACGGCTACCTTGTTACGACTT-39) Wilson et al., 1990) and sequenced. An almost-complete 16S rRNA gene sequence (1359 bp) of the isolate was determined and submitted to GenBank to search for similar sequences using BLAST (Altschul et al., 1990) . Sequences were aligned using CLUSTAL X version 1.8 (Thompson et al., 1997) and phylogenetic trees were constructed using MEGA 5 (Tamura et al., 2011) with the methods of neighbour joining (Saitou & Nei, 1987) , maximum likelihood (Felsenstein, 1981) and maximum parsimony (Fitch, 1971) . The topologies of the neighbour-joining and maximum-parsimony phylogenetic trees were assessed by bootstrap analysis (Felsenstein, 1985) of 1000 resampled datasets. The phylogenetic analysis of the 16S rRNA gene sequences using the EzTaxon server 2.1 revealed that strain R-HLS-17 T belonged to the genus Flavobacterium (Fig. 1) DNA-DNA hybridization was not performed in this study since the 16S rRNA gene sequence similarity of strain R-HLS-17
T with its closest relatives was less than 97 % (Tindall et al., 2010) . Genomic DNA for the determination of G+C content was extracted using the methods described by Marmur (1961) . The DNA G+C content was determined using thermal denaturation (T m ) with Escherichia coli K-12 DNA as reference (Marmur and Doty, 1962) . The equipment utilized in this study was a model Lambda 35 UV/VIS spectrometer with a temperature program controller (PerkinElmer). The DNA G+C content of strain R-HLS-17 T was 46.5 mol%.
Cells of strain R-HLS-17 T were examined by transmission electron microscopy (JEM-1400; Japan) (Fig. 2) . Gliding motility was determined by the hanging-drop technique (Bernardet et al., 2002) . To test the requirement to oxygen, the isolate was incubated in an anaerobic jar with Oxoid's atmosphere generation system. Growth at 0, 4, 10, 12, 16, 18, 20, 22, 25, 27, 28, 29 and 30 u C), with 0-5.0 % (w/v) NaCl (at intervals of 0.5 %) and at pH 5.0-10.5 (at intervals of 0.5 pH unit) was tested in PYG broth. Growth on trypticase soy agar, nutrient agar and marine 2216 agar was tested at 14 u C for 5 days. Catalase and oxidase activities were determined with 3 % (v/v) H 2 O 2 and 1 % (w/v) N,N,N9,N9-tetramethyl-p-phenylenediamine, respectively. Utilization of various carbon sources was tested using a basal medium containing (w/v) 0. Smibert & Krieg (1994) . Hydrolysis of alginate, chitin, CM-cellulose and pectin were performed following the method described by Reichenbach (1992) . Hydrolysis of egg yolk was tested using PYG as the basal medium supplemented with 50 % egg yolk emulsion. Hydrolysis of DNA and L-tyrosine were tested using DNase Test Agar (Merck, Germany) and PYG agar with 0.5 % L-tyrosine, respectively. Absorption of Congo red and determination of flexirubin-type pigments were tested according to Bernardet & Bowman (2006) . Sugar fermentation, enzyme activities and other biochemical characteristics were determined using the API 50 CH, API ZYM, API 20 E and API 20 NE systems (bioMérieux). The physiological and biochemical characteristics of strain R-HLS-17 T are shown in Table 1 and the species description.
For analysis of the cellular fatty acids, cell mass of strain R-HLS-17
T and the reference strains was harvested during the exponential growth phase. The fatty acids were analysed using an Agilent 6890 Gas Chromatograph (ultra2) and the Sherlock Microbial Identification System version 6.0 with the TSBA6 library, according to the standard protocols (Sasser, 1990) . Polar lipid analysis was carried out on TLC plates (silica gel 60 aluminium-backed; Merck) according to Collins et al. (1980) and Kates (1986) . Menaquinones were extracted and purified (Collins, 1985) and analysed by HPLC (Wu et al., 1989) . Polyamines were extracted and analysed by HPLC (Hosoya & Hamana, 2004; Flores & Galston, 1982) . The major cellular fatty acids were iso-C 15 : 0 (24.1 %), iso-C 15 : 1 G (11.4 %), summed feature 9 (comprising iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 ; 8.6 %), iso-C 17 : 0 3-OH (7. 8 %) and iso-C 15 : 0 3-OH (6.9 %) (Table  S1 , available in IJSEM Online). The major polar lipids were phosphatidylethanolamine and several unidentified polar lipids (Fig. S1 ). The predominant menaquinone was MK-6. The major polyamine was homospermidine.
Based on phylogenetic analysis of the 16S rRNA gene and the physiological and biochemical characteristics, strain R-HLS-17 T belonged to the genus Flavobacterium. It possessed the characteristics of genus Flavobacterium such as being Gram-negative, lacking flagella, producing yellow colonies and containing MK-6, homospermidine, iso-C 15 : 0 , iso-C 15 : 1 G, summed feature 9, iso-C 17 : 0 3-OH and iso-C 15 : 0 3-OH and phosphatidylethanolamine. Characteristics such as DNA G+C content and phenotypic characteristics differentiated the isolate from its closest relatives. Thus, strain R-HLS-17 T was considered to represent a novel species of the genus Flavobacterium, for which the name Flavobacterium noncentrifugens sp. nov. is proposed.
Description of Flavobacterium noncentrifugens sp. nov.
Flavobacterium noncentrifugens (non.cen.tri.fu9gens. L. adv. non not; L. n. centrum middle; L. v. fugere to flee; N.L. part. . All data were taken from this study. All strains were positive for utilization of starch and production of alkaline phosphatase, leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. All strains were negative for utilization of D-inositol, D-sorbitol and melezitose, hydrolysis of chitin, casein, CM-cellulose and Tweens 20, 60 and 80, utilization of citrate, production of H 2 S, indole, esterase (C4), esterase lipase (C8), lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, b-glucosidase, a-mannosidase, a-fucosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease and tryptophan deaminase and acid production from erythritol, ribose, xylose, adonitol, methyl-b-D-xylopyranoside, sorbose, dulcitol, inositol, sorbitol, methyl-a-D-mannopyranoside, methyl-a-D-glucopyranoside, arbutin, melezitose, xylitol, lyxose, tagatose, fucose, arabitol, potassium gluconate, potassium 2-ketogluconate and potassium 5-ketogluconate. +, Positive; W, weakly positive; 2, negative.
Characteristic
Growth at 29 u C + 2 2 + 2 2 2 2 2 2 pH for growth 6.0-8.5 6.0-10.0 5.5-10.0 6.0-10.0 6.5-8.5 5.5-9.5 6.5-8.0 6.0-8.5 6.5-9.5 6.0-8. Positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for esterase (C4), esterase lipase (C8), lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, bglucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase, ortho-nitrophenyl-b-D-galactopyranosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease, tryptophan deaminase and para-nitrophenyl-b-D-galactopyranosidase. The major cellular fatty acids are iso-C 15 : 0 , iso-C 15 : 1 G, summed feature 9 (comprising iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 ), iso-C 17 : 0 3-OH and iso-C 15 : 0 3-OH. The predominant menaquinone is MK-6. The phospholipids are phosphatidylethanolamine and unknown aminophospholipids and phospholipids. The major polyamine is homospermidine.
The type strain, R-HLS-17 T (5CGMCC 1.10076 T 5NBRC 108844 T ), was isolated from meltwater of Hailuogou Glacier of Sichuan province in south west China. The DNA G+C content of the type strain is 46.5 mol%.
